We tested the hypothesis that a transcriptional enhancer (CE), previously identified to increase human renin expression in choriodecidual cells is required to mediate tissue-specific, cellspecific and regulated expression of human renin in transgenic mice. Recombineering was used to delete the CE upstream of the renin gene alone or in combination with the kidney enhancer (KE) in a large artificial chromosome construct containing the entire human renin gene and extensive flanking sequences. Deletion of the CE had no qualitative or quantitative effect on the tissue-specific expression of human renin, nor on the cellular localization of human renin in the kidney or placenta. Combined deletion of both the CE and KE caused a decrease in the level of renal renin expression consistent with the established role of the KE. We also considered the possibility that the CE, is a downstream enhancer of the KiSS1 gene which lies directly upstream of renin and is also expressed in the placenta. Deletion of the CE alone, or the CE and KE together, had no effect on the level of KiSS1 expression in the placenta. These data provide convincing evidence that the CE is silent in vivo, at least in the mouse. The absence of a phenotype caused by deletion of the CE is consistent with the observation that the sequence is not evolutionarily conserved.
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Introduction
The complexity of renin gene regulation in rodents and humans is evidenced by the abundance of transcription factors now reported to be involved (reviewed in (17) ). Regulatory elements controlling human renin gene expression have been identified in the proximal promoter region and in two distal enhancers. For example, in the proximal promoter no less than 9 transcription factors including HoxD10, PBX1b, PREP1, Ets1, notch, CREB, Sp1/Sp3, LXRC and PPARD have been reported to bind and have either stimulatory or inhibitory effects on renin expression (16; 18; 20; 28; 30; 32) . The most distal enhancer, termed the kidney enhancer (KE), is located at 2.6 Kb upstream of the mouse and 11 kb upstream of the human renin gene. Unlike the proximal promoter, the enhancer is an assemblage of extremely closely linked and overlapping binding sites for the transcription factors NF-Y, RARC, RXRC, EAR2, CREB, CREM, NFI, and Sp1/Sp3 (9; 14; 15; 22; 23) . Some of these factors and their binding sites are required for high level activity of the enhancer while others antagonize enhancer activity. The enhancer may also be required to mediate some of the negative regulatory effects of cytokines (2; 9; 19) . Further complicating the picture is the recent emergence of a trans-repression pathway whereby NF-B (induced by cytokines) and vitamin-D receptor (induced by vitamin D analogs) interfere with transcription factors that bind to sites in the renin enhancer (31; 33) . Although the kidney enhancer (termed the KE) robustly transactivates reporter genes in renin expressing As4.1 cells in culture, recent in vivo studies using knockout and transgenic mice reveal the sequence to be mainly important for the maintenance of baseline renin expression in kidney, and may be necessary to control the level of renin protein stored in renal JG cells in response to stimuli (1; 34) . Enhancer-dependent effects may be more important in the transcriptional regulation of renin in the adrenal and salivary glands as its disruption nearly abolishes renin expression in R-00780-2007-R1
Page -4 those tissues (10) .
A second enhancer was identified upstream of the human renin gene by Pinet and colleagues (5).
This sequence, centered at about -5.5 kb, is located halfway between the KE and the proximal promoter. It was identified by transfection analysis in choriodecidual cells and therefore is herein defined as the chorionic enhancer (CE). Recently polymorphisms near this enhancer have been reported to influence the activity of the renin promoter (4). The primary purpose of this study was to test whether the chorionic enhancer is required to mediate the tissue-and cellspecific expression of renin in the kidney and placenta. Secondarily, based on the observation that the gene directly upstream of renin in mammalian genomes, KiSS1, is also highly expressed in the placenta, we tested whether the CE could potentially be a downstream enhancer of KiSS1.
Materials and Methods

Generation of CE-deficient and CEKE double enhancer-deficient PAC 160 transgenic mice.
PAC160 (Genome System control number 4917) was used as the template for deletion of the CE in a manner similar to that previously reported by us (13; 34) . Briefly, 550bp upstream (CE-L) and downstream (CE-R) homologies surrounding the CE were PCR cloned and inserted between -sites sequence in the vector pRM4-N (8). The CE is defined as sequences from -5777 to -5552 upstream of the hREN gene as previously described (5) . The chloramphenicol acetyltransferase (CAM) gene flanked by heterotopic lox2272 was also PCR amplified and cloned. Lox2272 does not recombine with either loxP or Lox511 but mediates efficient recombination with other lox2272 sites. The lox2272-CAM-lox2272 fragment was then inserted between CE-L and CE-R in pRM4-N to generate the final targeting construct which was electroporated in a linearized form into E. coli MC1061 containing PAC160. Homologous recombinants were selected by CAM and kanamycin resistance and ampicillin sensitivity. This results in deletion of the CE and replacement with the Lox2272 flanked CAM gene. The CE deleted PAC160 was purified and retransformed into E. coli strain BS591 which contains strong Cre-recombinase enzyme activity (a kind gift of Brian Sauer). The resultant PAC160HCE replaces the CE sequence with a single lox2272 site. To make the double mutant, the CE targeting vector was transformed into MC1061 cells carrying PAC160HKE and then carried through the same steps. PAC160HKE was reported previously (34) . The resultant vector PAC160HCEKE replaces the KE sequence with a lox511 site and the CE with a lox2272 site. The resultant purified PAC160HCE and PAC160HCEKE constructs were extensively evaluated by PCR, Southern blot and sequencing to ensure that the mutations were made faithfully and specifically and that there were no gross deletions elsewhere in the construct. PAC160 CE and PAC160 CEKE DNA was sent to the University of Iowa Transgenic Animal Facility for microinjection to generate transgenic mice. Three transgenic founders of each construct were obtained. All mice were fed with standard mouse chow and water ad libitum.
Care and use of mice met the standard set by National Institutes of health and all protocols were approved by University Animal Care and Use Committee at the University of Iowa. Captopril was dissolved in drinking water (0.5mg/ml) and administered to mice for 10 days. Drinking water was administered to control mice as the vehicle. Timed breedings were performed by inspection for vaginal plugs daily. Placentas were recovered at 18.5 days of gestation.
Molecular Analysis of PAC160 CE and PAC160 CEKE Transgenic Mice.
We first confirmed that the CE was indeed deleted in the PAC160 constructs integrated into the mouse genome. Southern Blots were performed as previously described (34) using the following probes: 1) hREN cDNA probe, 2) CE probe; 3) DNA 5' of the CE (CE-L), 4) DNA 5' of the KE (KE-L), and 5) whole PAC160 DNA.
RNA was isolated using Tri-Reagent (Molecular Research Center Inc. Cincinnati, OH), and 50Lg of RNA was used in RPA. RNase protect assays (RPA) designed to examine expression of GOLT1A, hREN, ETNK2 were performed using probes as previously described (34) . Two new KiSS-1 probes, KiSS1A and KiSS1B were generated by RT-PCR of RNA isolated from human placenta RNA (Clontech) using the following primer sets: KiSS1A-
GGGAGAAGGACCTGCCGAACTACAACTGGAACT and
GTTCCAGTTGTAGTTCGGCAGGTC. Both PCR fragments were inserted into PCT4.TOPO (Invitrogen). KiSS1A-PCR4 was digested with Not1 and T3 RNA polymerase (Stratagene) was used to label the probe protecting 167 nucleotides of KiSS1 mRNA, whereas KiSS1B-PCR4 was digested with Xba1 and T7 RNA polymerase (Stratagene) was used to label the probe protecting 265 nucleotides of KiSS1 mRNA. Quantification of RPA results were performed with
PhosphorImager and ImageQuant software (GE healthcare).
Immunofluorescence and in situ hybridization. Immunocytochemistry for mouse and human renin were performed as detailed previously (34) . Female PAC160 WT, PAC160NCE or PAC160NCEKE were bred with male C57BL/6J nontransgenic mice (NT), and pregnant mice were sacrificed with CO 2 . The mice were perfused with PBS and 4% paraformaldehyde, and placenta were extracted and fixed overnight. Placenta were embedded in OCT and 5-10 Lm sections were cut. In situ hybridization with DIG or FITC labeled hREN or mPL2 probes were performed according to protocols published (24) . Both hREN and mouse placenta lactogen (mPL2) were cloned with Superscript III one-step RT-PCR kit and inserted into PCR TOPO II with dual promoter SP6 and T7 (Invitrogen). The total RNA used to amplify the hREN probe was from kidney of PAC160 WT transgenic mouse, whereas mPL2 was from murine 18.5 gd placenta. The RT-PCR primers were hREN: CCACCCCAAACCTTCAAAGTCG and TGCCCACAACCCCATCAAACTC; and primers for mPL2 were as previously published (26) .
Both SP6 and T7 RNA polymerases were used in vitro transcription to label sense (S) and antisense (AS) probe from the same phasmid. hREN was labeled with DIG, whereas mPL2 was labeled with FITC or DIG. Labeling and luminescent detection regents, including anti-FITC-AP or anti-DIG-AP antibody conjugates were from Roche.
Statistical analysis.
Values were presented as mean ± SEM. Statistical significance was assessed by One Way ANOVA using the Bonferroni post hoc test. P < 0.05 was considered statistically significant.
Results
We previously reported that human renin expression in transgenic mice containing a large P1
artificial chromosome construct (PAC160) carrying the hREN and two upstream (GOLT1A and KiSS1) and one downstream (ETNK2) gene is tightly regulated in response to physiological cues (25) . Deletion of the distal KE located at -11Kb resulted in a decrease in baseline expression but a preservation of cell-specific and regulated expression (34) . In order to test the importance of the CE upstream of the human renin gene we employed a similar recombineering scheme to delete the CE in PAC160 and also in a PAC160 already lacking the KE (PAC160HKE). Figure 1 shows schematic maps of the resultant PAC160 constructs used to generate transgenic mice.
Initially, PCR was used to detect the presence of the modified PAC160 transgenes in the genome and to verify the presence of the upstream and downstream genes (data not shown). Southern blot analysis using probes detecting hREN (probe a), the CE itself (probe b), sequences adjacent to the CE (probe c), and sequences adjacent to the KE (probe d) were employed to ensure the integrity of the injected constructs ( Figure 2A ). This analysis confirmed the presence of hREN ( Figure 2B probe a), demonstrated that the CE was deleted from the PAC160HCE and PAC160HCEKE but not from wildtype PAC160 ( Figure 2B probes b and c), and that the KE was intact in PAC160HCE and wildtype PAC160 but not in PAC160HCEKE ( Figure 2C ).
Multiplex RNase protection assays were used to simultaneously assay for expression of hREN in addition to the upstream gene GOLT1A, the downstream gene ETNK2, and the endogenous 28S
ribosomal RNA gene in wildtype PAC160, two lines of PAC160HCE and three lines of PAC160HCEKE mice ( Figure 3 ). We previously reported that these probes accurately detect expression in transgenic mice but not in non-transgenic littermates (34 mice, the ratio of hREN to ETNK2 in the kidney appear equal whereas in the PAC160HCEKE the relative expression of hREN is reduced relative to ETNK2. This is consistent with the loss of baseline expression when the KE is deleted (34) . We next quantified the ratio of hREN to ETNK2 expression in the kidney of wildtype and mutant PAC160 transgenes (Figure 4) .
Although there was a significant decrease in hREN/ETNK2 expression in the kidney of PAC160 mice lacking the CE and KE (attributed to loss of the KE), there was no change in expression in mice only lacking the CE ( Figure 4B ). Moreover, induction of renal hREN expression in response to angiotensin converting enzyme inhibition was unaltered by deletion of either the CE alone or both the CE and KE ( Figure 5 ).
We performed immunohistochemistry using antisera directed specifically at hREN ( Figure 6 ) or a combination of mREN-specific and hREN-specific antisera ( Figure 7 ). Both studies reveal the absence of renal hREN protein in non-transgenic mice demonstrating the specificity of the hREN antisera. Juxtaglomerular cell-specific staining of hREN protein is evident in mice lacking the localized ( Figure 7 ).
We next evaluated whether loss of the CE sequence causes a change in the expression of renin in the placenta. Timed breeding were performed resulting in a mix of 18.5 gd fetuses genotyped as either transgenic or non-transgenic. As shown in Figure 8A , there was essentially no effect on hREN expression in the placenta of mice lacking only the CE or lacking the CE in combination with the KE. The differences in the level of expression seen particularly in PACHCEKE8 can be attributed to difference in transgene copy number which are lower in line 8 than in lines 12 or 14.
Like renin, there was essentially no alteration in the expression of KiSS1 mRNA. The KiSS1 gene lies directly upstream of renin in the genome (Figure 1 ), is expressed in the placenta (7) and is present in PAC160 ( Figure 8B ). These data strongly suggest that the CE is neither required as an enhancer of renin nor a downstream enhancer of KiSS1 in the placenta.
Finally, we performed in situ hybridization to assess if the CE is required to mediate cell-specific expression of hREN in the placenta. We first demonstrated that the hREN antisense probe faithfully detected hREN mRNA in juxtaglomerular cells of the kidney (Figure 9A-B) . There was no hybridization signal detected when a control sense probe was used on PAC160 wildtype placenta ( Figure 9C ). A robust signal was detected with the antisense probe on placenta from PAC160 wildtype ( Figure 9D ), PAC160HCE ( Figure 9F ) and PAC160HCEKE ( Figure 9E ).
Previous studies reported that renin is expressed in trophoblast giant cells of the labyrinth where it can be secreted into the maternal circulation (26) , and the localization of the in situ hybridization signal is consistent with this. There was no difference in the cellular localization of hREN irrespective of the presence of the CE. To further characterize the location of renin expression in the placenta, we performed dual in situ hybridization design to detect both hREN and placental lactogen 2 (PL2) mRNA. PL2 expression has been reported in the trophoblast cells of the placental labyrinth of mice (24; 26). As expected, only PL2 mRNA was detected in the non-transgenic placenta ( Figure 10D ). In the transgenic placenta, hREN-expressing and PL2-expressing cells were found in adjacent cells and in co-localized cells around canals and sinusoids. The pattern of adjacent and co-localization of renin and PL2 expressing cells was identical in transgenic mice carrying the wildtype and CE-deleted PAC160 constructs ( Figure   10A -C).
Discussion
We show that the CE, a sequence previously reported to enhance transcriptional activity of There are a number of potential explanations for the absence of a phenotype in the PAC160HCE
mice. The first is that the sequence is not physiologically important. Along these lines it is interesting to note that although the CE is conserved in the chimpanzee and Rhesus genomes, there is no obvious homology present upstream of either the mouse or rat renin genes. This lack of evolutionary conservation suggests that it is either unimportant or its importance is unique to humans and non-human primates. That polymorphisms in and around the CE have been reported to influence blood pressure and the blood pressure responses to renin-angiotensin system inhibition gives credence to this possibility (4; 11). Fuchs et al (4) first showed that the CE element could be used as decoy to lower activity of the renin promoter in choriodecidual cells. of the CE and including the -5312 region was deleted in our study.
We also considered the possibility that the CE sequence is not an upstream regulator of renin, but instead is a downstream regulator of the KiSS1 gene. The KiSS1 gene lies directly upstream of the renin locus, and like renin is expressed in trophoblast giant cells of the placenta (24; 26; 29) .
That enhancers can be located both upstream and downstream of genes and can have effects on gene expression in an orientation and position independent manner makes this an intriguing possibility. KiSS1 encodes a 54 amino acid peptide termed metastin (or kisspeptin) which binds to a G-protein coupled receptor GPR54 thought to be involved in metastasis, trophoblast invasion and puberty (3; 6; 7). That neither KiSS1 nor hREN mRNA levels were altered by deletion of the CE suggests this hypothesis was not correct. This is further supported by our data
showing that there was no alteration in the cellular localization of hREN in placenta. This leaves open to question the location and identity of regulatory elements which specify the expression of renin in a spatial and temporal manner. As stated above, it is possible that additional sequence surrounding the region we included in our deletion (-5777 to -5552) are required for renin expression. In considering other regions of the gene, it is important to note that transcription factors thought to be important developmentally have been identified to bind to the renin proximal promoter making this region of the gene a prime candidate (16; 20; 21) .
Similarly, Mrowka et al using a computational approach identified a conserved non-coding sequence 3 Kb further upstream of the distal enhancer (the KE) which now must also be considered a candidate regulatory region for renin expression (12) . Recombineering methods similar to that described herein can be used to determine if these sequences are required to Representative dual in situ hybridization images of human renin mRNA (blue) and PL2 mRNA (brown) in the placenta of PAC160 wildtype (WT), PAC160HCEKE, PAC160HCE, and nontransgenic (NT) mice. Only PL2 expression is seen in the non-transgenic placenta. Open 
